Abstract This study assessed the effects of a resistance exercise training program on the inflammatory response associated with Toll-like receptor (TLR) 2 and TLR4 signaling pathways in senior participants. Twenty-six healthy subjects (age, 69.5±1.3) were randomized to a training (TG; n=16) or a control (CG; n=10) group. TG performed an 8-week resistance training program, while CG followed their daily routines. Peripheral blood mononuclear cells were isolated from blood samples obtained before and after the intervention, and levels of proteins involved in the TLR2, TLR4, and myeloid differentiation primary response gene 88 (MyD88)-dependent and MyD88-independent pathways were analyzed. The inflammatory status was evaluated through messenger RNA (mRNA) and protein content of interleukin (IL)-10 and tumor necrosis factor alpha (TNF-α) and plasma levels of C-reactive protein (CRP). After the 8-week resistance training, TLR2 and TLR4 protein expression was reduced in TG. MyD88, p65, phosphop38, TIR domain-containing adaptor inducing interferon (TRIF), IKKi/IKKε, phospho-interferon regulatory factor (IRF) 3, and phosho-IRF7 were also downregulated in TG after the intervention. The training program induced an increase of phospho-extracellular signal-regulated kinases 1 and 2 (ERK1/2) and Hsp70 and a reduction of Hsp60. While TNF-α mRNA and protein values remained unchanged in both TG and CG, IL-10 mRNA and protein content were upregulated in TG after the intervention. CRP values decreased in TG only. The increase in Hsp70 negatively correlated with TLR2 and TLR4 downregulation. These data suggest that resistance exercise may represent an effective tool to ameliorate the pro-inflammatory status of old participants through an attenuation of MyD88-dependent and MyD88-independent TLR2 and TLR4 signaling pathways.
Introduction
Aging is a natural process characterized by a decline in the normal function of several physiological systems (Partridge 2011) . Traditionally, senescence has been also related with changes in the immune system since the increase in life expectancy has promoted that individuals are exposed longer to endogenous and environment antigens. The impairment in immunity in the elderly is known as inmmunosenescence and affects both the innate and the adaptive immune system. The aging process causes a chronic, mostly asymptomatic, low-grade inflammatory state, sometimes called "inflammaging." This was first suggested by Fagiolo et al. (1993) when they reported greater concentrations of inflammatory cytokines from peripheral blood mononuclear cells of aged subjects compared with young individuals. The increased inflammatory status may be linked to changes in immune cell signaling and/or function, although it has not been clarified yet (Larbi et al. 2004) . Independently of the causes, the low-grade chronic inflammation described in aged subjects can lead to a more vulnerable status, increasing the risk of developing chronic illnesses (De la Fuente and Miquel 2009) , such as cardiovascular disease, type II diabetes mellitus, or osteoporosis (González-Gallego et al. 2010; Haigis and Yankner 2010; Partridge 2011) . Multiple studies have reported an association between lowgrade systemic inflammation and physical inactivity (Colbert et al. 2004; Pedersen and Saltin 2006; Kullo et al. 2007) , indicating that exercise could be an efficient countermeasure to either prevent or delay the onset of some chronic diseases associated with this low-grade inflammatory status (Pedersen and Saltin 2006; Simpson et al. 2012) . However, the mechanisms by which exercise may provide an anti-inflammatory stimulus and enhance the immune response are still not well understood.
Toll-like receptors (TLR), in particular TLR2 and TLR4, may play an important role in the antiinflammatory effects of a physically active lifestyle (McFarlin et al. 2004) . TLRs bind to specific ligands, and the best described for TLR2 and TLR4 are peptidoglycan and lipopolysaccharide (LPS), respectively (Zbinden-Foncea et al. 2012) . However, there are other structures, called damage-associated molecular patterns (DAMPs) , that are endogenous ligands released from damaged or stressed host tissue which also modulate the activation of both TLRs (Asea et al. 2002) . Under normal physiological conditions, these factors are hidden, but after a stress stimulus, they are released into the extracellular environment to be recognized by the host immune system (Neubauer et al. 2013) . Numerous studies have showed that apoptotic and necrotic cells release DAMP molecules such as high-mobility group box-1 (HMGB1), S-100 proteins, heat shock proteins, hyaluronan, surfactant protein, interferon-alpha, uric acid, fibronectin, beta defensin, and cardiolipin, which trigger a "sterile inflammatory response" following tissue damage (Martin-Murphy et al. 2010; Neubauer et al. 2013) . Among DAMPs, heat shock protein 70 kDa (Hsp70) has an important role in the activation of both TLR2 and TLR4 (Asea et al. 2002) . Upon stimulation, these receptors lead to the recruitment of various Toll/ interleukin-1 receptor (TIR) domain-containing signaling adaptors such as myeloid differentiation primary response gene 88 (MyD88) and TIR domaincontaining adaptor inducing interferon (TRIF). Hence, TLR signaling cascade is divided into a MyD88-dependent and a MyD88-independent pathway (Cristofaro and Opal 2006) . Both processes result in the activation of a number of downstream signaling pathways, including nuclear factor kappa B (NF-κB), mitogen-activated protein kinase (MAPK), and interferon regulatory factor (IRF) (Akira and Sato 2003) , which control inflammatory and immune responses by inducing the expression of several pro-inflammatory cytokines such as the tumor necrosis factor alpha (TNF-α) and type I interferon (IFN) production (Connolly and O'Neill 2012; Oshiumi et al. 2003) .
Studies evaluating the influence of physical activity or exercise training on TLRs have shown that 12 weeks of endurance and resistance training reduced TLR4 expression in both young and old sedentary subjects to the levels found in physically active controls. These changes occurred concomitantly with lower C-reactive protein (CRP) and marginally lower inflammatory cytokine production (Stewart et al. 2005) . Therefore, physical activity, but not age, is more important for TLR4 signaling and inflammatory cytokine production . Supporting these data, eccentric-based resistance training prevented exerciseinduced pro-inflammatory responses in the elderly (Jimenez-Jimenez et al. 2008) , and 6 weeks of eccentric resistance exercise reduced TLR4-mediated activation of the pro-inflammatory response through MyD88-dependent and MyD88-independent pathways in young men (Fernandez-Gonzalo et al. 2012) . To this background, it is hypothesized that an 8-week resistance exercise training program would reduce the inflammation in elderly subjects through the TLR2 and TLR4 signaling pathway. Furthermore, Hsp proteins, which are recognized ligands of TLR2 and TLR4, have been involved in a number of remodeling processes associated with exercise training, but their tissue of origin has not been yet determined. A variety of cells or tissues, such as heart, liver, brain, muscle, or even leukocytes, could contribute to the production of Hsp (Fehrenbach et al. 2000) . Therefore, we hypothesized that the resistance training-induced adaptations on TLR signaling pathway could be related with an altered expression of Hsp70 and Hsp60 in peripheral blood mononuclear cells from healthy aged individuals.
Methods

Design
The experimental part of the study was completed in 10 weeks. On the first and last week, descriptive measurements, maximal strength tests, and blood samples were collected. The resistance exercise training program was performed during the remaining 8 weeks.
Subjects
Twenty-six healthy participants (7 males, 19 females; age range 65-78) volunteered to participate in the study. The inclusion criteria included not to take any medication known to affect the inflammatory response 1 month before or during the study. None of the female participants were taking any hormonal treatment, either before or at the time of the study. Participants did not have any experience in strength training, and they were asked to maintain their physical activity routines during the study period. Before any other activity, a medical screening including anthropometry analysis, the physical activity readiness questionnaire (PAR-Q), a risk factor quiz, blood pressure measurements, and a basal electrocardiogram test were performed in all the participants. Subjects were randomly assigned to a training group (TG; n= 16) or to a control group (CG; n = 10). Age, height, weight, and body mass index were as follows: 69.1±1.1 year, 157.1±1.9 cm, 67.4±2.3 kg, and 27.2 ± 0.6 kg/m 2 , respectively, for TG and 70.0±0.9 year, 158.9±1.9 cm, 68.1±2.5 kg, and 27.08±0.8 kg/m 2 , respectively, for CG. Participants from TG followed an 8-week resistance exercise training program, whereas the control group kept their normal daily routines. All participants were informed of the objectives and possible risks of the intervention before written consent for participation was obtained. The study followed the principles of the Declaration of Helsinki, and the local ethics committee approved all procedures.
Maximal strength assessment
Approximately 1 week before and 1 week after the training period, maximal strength was assessed in all the participants. After a standardized 10-min warm-up on a cycle ergometer (Tunturi F35, Tunturi®, Turku, Finland) , maximal voluntary isometric contraction (MVIC) test was carried out in a 45°incline leg press device (Gervasport, Madrid, Spain) at 110°knee flexion and in a biceps curl bench device (Gervasport) at 90°e lbow flexion. Maximal strength was registered by a strain gauge (Globus Ergometer, Globus, Codogne, Italy). After ∼30 min of rest, one repetition maximum (1RM) test was performed in the same leg press and biceps curl bench previously described and in a seated pec deck machine (BH Fitness Nevada Pro, BH, Vitoria, Spain).
Resistance exercise training
Subjects from the TG completed 16 resistance exercise training sessions over 8 weeks (2 sessions per week), with at least 48 h between sessions. After a 10-min warm-up on a cycle ergometer, participants performed three different exercises, e.g., leg press, biceps curl, and pec deck, in the same exercise devices described above. The number of repetitions per set and load for the three exercises were progressively increased as follows: 3×8, 3×10, and 3×12 at 60 % of 1RM during weeks 1, 2, and 3, respectively; 3×8, 3×10, and 3×12 at 70 % of 1RM during weeks 4, 5, and 6, respectively; and 3×8 and 3× 10 at 80 % of 1RM during weeks 7 and 8, respectively.
Blood sample preparation
Venus blood samples (30 mL) were collected from the brachiocephalic vein using the EDTA anticoagulant Vacutainer™ systems (BD, Franklin Lakes, NJ), 5-6 days before and after the training period. To avoid circadian effects, all samples were collected between 08:00 and 09:00 a.m. Subjects were required to fast for 12 h before the blood test and to avoid any intense exercise during the previous 5-6 days. No caffeine or alcohol was allowed during this time. Food frequency questionnaires (FFQs) were performed all through the study, and participants were asked to maintain their eating habits between both blood sampling. Total blood was centrifuged to isolate plasma and peripheral blood mononuclear cells (PBMCs) with a density gradient centrifugation on Ficoll separation solution (Biochrom AG, Berlin, Germany) (Cuevas et al. 2005) .
Reverse transcription and quantitative real-time polymerase chain reaction Total RNA was isolated from PBMC using a RiboPure™-Blood Kit (Ambion®, Paisley, UK) and quantified by spectrophotometry (NanoDrop 1000, Thermo Scientific, Waltham, MA, USA). DNase I (RNase-free) (Ambion®) was used to removed residual genomic DNA. First-standard complementary DNA (cDNA) was synthesized using High-Capacity cDNA Archive Kit (Applied Biosystems®, Paisley, UK), and then, it was amplified using TaqMan® Universal PCR M a s t e r M i x ( A p p l i e d B i o s y s t e m s ® ) o n a StepOnePlus™ Real-Time PCR Systems (Applied Biosystems®). TaqMan® primers and probes for interl e u k i n ( I L ) -1 0 ( G e n B a n k M 5 7 6 2 7 . 1 a n d Hs00961622_m1), TNF-α (GenBank M10988.1 and Hs00174128_m1), and GAPDH as housekeeping gene (GenBank M33197.1 and Hs99999905_m1) were derived from the commercially available TaqMan® Assays-on-Demand Gene (Applied Biosystems®). Relative changes in gene expression levels were determined using the 2 −ΔΔCT method as described previously (Veneroso et al. 2009 ). The cycle number at which the transcripts were detectable (CT) was normalized to the cycle number of GAPDH detection, referred to as ΔCT.
Western blot analysis
For Western blot analysis, PBMCs were suspended on 150 mL of 0.25 mM sucrose, 1 mM EDTA, 10 mM Tris, and a protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA) and physical disrupted using a sonicator. Lysate proteins were fractionated by SDS-PAGE. Polyacrylamide gels (9 % for Hsp60, Hsp70, TLR2, TLR4, TRIF, and IKKi/IKKε; 12 % for MyD88, p65, IRF3, phospho-IRF3, IRF7, phospho-IRF7, extracellular signal-regulated kinases 1 and 2 (ERK1/2), phospho-ERK1/2, p38, phospho-p38 and β-actin; 15 % for TNF-α and IL-10) were running containing 50 μg of the samples and, therefore, transferred to a polyvinylidene fluoride (PVDF) membrane by a TransBlot® Turbo™ Transfer System (Bio-Rad®, Hercules, CA, USA). Non-specific binding was blocked by preincubation of the PVDF membranes in PBS containing 2.5 % non-fat milk for 1 h. Then, membranes were incubated overnight at 4°C with corresponding antibodies. Antibodies against Hsp60 (60 kDa), TLR2 (90-100 kDa), TLR4 (95 kDa), MyD88 (33 kDa), p65 (65 kDa), IRF3 (50 kDa), IRF7 (54 and 18 kDa), phospho-ERK1/2 (42-44 kDa), ERK1/2 (42-44 kDa), TNF-α (26 and 17 kDa), and IL-10 (20 and 37 kDa) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA); antibodies against Hsp70 (70 kDa), TRIF (66 kDa), and IKKi/IKKε; (80 kDa) were purchased from Abcam® (Cambridge, UK, USA); and antibodies against phospho-IRF3 (55 kDa), phospho-IRF7 (65 kDa), p38 (43 kDa), and phospho-p38 (43 kDa) were purchased from Cell Signaling Technology® (Beverly, MA, USA), and β-actin (42 kDa) was purchased from Sigma-Aldrich. Bound primary antibody was detected using an appropriate horseradish peroxidase (HRP)-conjugated secondary antibody (Dako, Glostrup, Denmark) using a chemiluminescent HRP substrate (Luminol Reagent, Santa Cruz Biotechnology). Finally, blots were exposed to autoradiography films and developed. The density of the specific bands was quantified with an imaging densitometer (Image J, Bethesda, MD, USA).
CRP and IL-6 quantification
Plasma CRP and IL-6 were measured by using enzymelinked immunoabsorbent assay (Quantikine ELISA kit: R&D Systems®, Minneapolis, MN).
Statistical analysis
Data are expressed as relative change from pretraining to posttraining±standard error of means (SEM). A twoway analysis of variance (ANOVA) with repeated measures for time (pre and post) and group (TG and CG) was performed. Bonferroni post hoc analysis was used where appropriate. Pearson's correlation analysis was used to assess the relative changes in Hsp70 and Hsp60 in relation to TLR2 and TLR4. Differences were considered significant when p<0.05. All statistical analyses were performed using SPSS version 18 (SPSS Inc., Chicago, IL, USA).
Results
After the training program, TG showed significant increases in leg press 1RM (p<0.04) and MVIC (p<0.03), in biceps curl bench 1RM (p < 0.04) and MVIC (p<0.05), and in a seated pec deck 1RM (p<0.05) ( Table 1) . MVIC and 1RM did not change in CG in any of the exercises analyzed (Table 1) . The resistance exercise protocol employed here induced a significant decrease in the protein level of TLR2 (p<0.04) and TLR4 (p<0.03) (Fig. 1a, b) , whereas CG values did not change. Similar results were observed in the MyD88-dependent pathway, where TG showed a considerable reduction of both MyD88 (p<0.05) and p65 (p<0.03) (Fig. 2a, b) protein content after the 8 weeks of training, with no change in CG.
Phosphorylated p38 content was reduced in response to resistance exercise ( Fig. 2c; p<0.03 ). This training effect was also present in the protein concentration of cytosolic phospho-ERK 1/2 (Fig. 2d) , with significantly higher values (p<0.02) at posttraining compared to pretraining. Total protein content of both p38 and ERK1/2 remained unchanged in CG and TG.
The training protocol induced an evident downregulation in the most representative MyD88-independent pathway proteins (Fig. 3a, b) . Thus, protein expression of TRIF and IKKi/IKKε was reduced after training (p<0.04 and p<0.05, respectively). A significant decrease in the phosphorylated state of IRF3 ( Fig. 3c ; p<0.02) and IRF7 ( Fig. 3d ; p<0.04) was found in TG. None of these proteins changed in CG.
TG showed a significant upregulation (p<0.04) of PBMC IL-10 messenger RNA (mRNA) levels (Fig. 4a) after the 16 resistance exercise sessions. No significant changes were observed in PBMC TNF-α mRNA levels (Fig. 4b) in any group. IL-10 protein content increased Fig. 4c ; p < 0.01) whereas TNF-α protein concentration remained constant in both TG and CG (Fig. 4d) . The PBMC protein IL-10/ TNF-α ratio increased after training in TG (1.05 ± 0.14 vs 1.48 ± 0.17 arbitrary units), indicating greater anti-inflammatory status. This ratio remained unchanged in CG (1.00±0.11 vs 0.97± 0.12 arbitrary units). CRP data confirmed the anti-inflammatory effects of the training intervention. CRP levels were significantly lower (p<0.01) after the training program compared with pretraining values (1.03±0.10 vs 0.64±0.07 mg/ L). Plasma IL-6 also was significantly reduced (p<0.05) as a result of resistance exercise training (2.96±0.09 vs 2.51± 0.08 mg/L). No significant differences were observed in the control group for CRP and IL-6 (0.96 ±0.09 vs 0.90±0.08 mg/L and 2.92±0.11 vs 3.09±0.12, respectively).
Hsp70 protein concentration (Fig. 5a ) increased (p<0.03) after training. Conversely, Hsp60 (p<0.01) protein content decreased after the intervention in TG. Both Hsp70 and Hsp60 remained constant in CG (Fig. 5b ).
There were strong negative correlations between changes in Hsp70 and TLR2 (r=−0.93, p<0.02), and Hsp70 and TLR4 (r=−0.76, p<0.05). However, weak correlations were found between the expression of TLR2 and Hsp60 (r=−0.41, p=0.17), as well as TLR4 and Hsp60 (r=−0.36, p=0.31), and TLR2 and TLR4 (r=−0.48, p=0.13). 
Discussion
The current study investigated the effects of resistance training on the molecular inflammatory response associated with the TLR2 and TLR4 signaling pathways in PBMCs from healthy old subjects. Data indicate that 8 weeks of resistance training attenuate the TLR2 and TLR4 MyD88-dependent and MyD88-independent pathways, which mediate NF-κB, IRF3, and IRF7 activation, and the related pro-inflammatory response. The TLR2 and TLR4 downregulation was also associated with an increase of Hsp70 protein content. In addition, Hsp60 decreased after resistance training.
Traditionally, aging has been associated with higher levels of pro-inflammatory markers (Bruunsgaard 2002; Ershler and Keller 2005) . CRP, IL-6, and TNF-α are the inflammatory markers most consistently associated with age-related chronic diseases and disability (Singh and Newman 2011) . However, some studies have reported similar levels of inflammatory biomarkers in young and old subjects (Beharka et al. 2001; Flynn et al. 2003) , suggesting that the inflammatory status is more affected by physical activity than age per se (Giannopoulou et al. 2005; Oberbach et al. 2006 ). Indeed, physical activity seems to induce an anti-inflammatory response through amelioration of inflammatory mediators (Starkie et al. 2003; Keller et al. 2004) . Supporting this notion, we here report a decreased CRP plasma levels in old subjects, an adaptation already described . Stewart et al. (2007) supported the use of combined aerobic/resistance training as a modality to reduce the serum concentration of the most commonly utilized showed that 10 weeks of resistance training resulted in significant attenuation of CRP concentration and no alteration in baseline IL-6. In contrast, the current and other studies (Nicklas et al. 2008 ) suggest a reduction of both CRP and IL-6 after a period of exercise training, supporting the role of IL-6 as a key factor controlling chronic elevation of CRP in older adults (Singh and Newman 2011) . The resistance exercise program employed in the current investigation reduced the protein concentration of TLR2 and TLR4 in PBMC of ∼70-year-old subjects. It is believed that TLR2 and TLR4 have synergistic effects over the immune cells (ZbindenFoncea et al. 2012 ) controlling the inflammatory response via a regulatory loop between TLRs and cytokines. Indeed, TLRs induce cytokine expression via NF-κB pathway, which is involved in the modulation of TLR expression (Miettinen et al. 2001; Seibl et al. 2003) . Our results are supported by previous studies suggesting that physically active subjects present significantly lower cell surface TLR4 expression and inflammatory cytokine production than physically inactive subjects (Flynn et al. 2003; Stewart et al. 2005; McFarlin et al. 2006) . Therefore, it is plausible that low TLR2 and TLR4 expression inhibits proinflammatory cytokine production, which may explain, at least partially, the anti-inflammatory effect attributed to regular exercise (McFarlin et al. 2004 ).
TLR2 and TLR4 meditate the early inflammatory response by the main downstream adaptor MyD88 (Jiang et al. 2010 ). This protein is essential to stimulate pro-inflammatory cytokine production (Kawai and Akira 2006) . Previous results from our group indicate that the MyD88-dependent pathway plays an important role in the inflammatory response induced by eccentricbased resistance exercise (Fernandez-Gonzalo et al. 2012 . In support, data from the current investigation suggest that the lower TLR2 and TLR4 expression induced by resistance training was accompanied by a decrease in MyD88 protein concentration in PBMC of old subjects. In contrast, MyD88 protein expression was not altered in PBMC of obese subjects after 10 weeks of endurance training (Nickel et al. 2011) . The different exercise stimulus (high-intensity low-volume vs lowintensity high-volume) may affect the MyD88 pathway differently, explaining the discrepancies between these studies.
Following recruitment of MyD88, the next step in the early phase activation of NF-κB though TLR2 and TLR4 signaling is mediated by tumor necrosis factor receptor-associated factor 6 (TRAF6) and transforming growth factor-β-activated protein kinase 1 (TAK1) among other proteins (Coll and O'Neill 2010) , which lead to the recruitment of p50 in the cytoplasm and the translocation of p65 to the nucleus (Kawai and Akira 2006) . Both p50 and p65 form the most frequent heterodimer of NF-κB ). In the current study, the resistance training program induced a significant decrease of p65 protein content in TG, asserting the anti-inflammatory effect attributed of resistance exercise.
MyD88 is also involved in the activation of MAPK signaling. Literature supports a differential response of these kinases after exercise, although most authors report transient activations following either resistance or endurance exercise (van Ginneken et al. 2006; Kramer and Goodyear 2007) . Our data support this differential activation state between p38 and ERK1/2. Thus, while phospho-p38, the activated form, was significantly reduced after the training period, the phosphorylation state of ERK1/2 was significantly upregulated in TG. The discrepancy between the response of these proteins may be explained by the highly exercise specific and contraction form dependent of MAPK signaling (Lee et al. 2002) . Thus, while some MAPK downstream molecules show the same transitional repression identified in other components of the NF-κB pathway, the overexpression of ERK1/2 is consistent with other studies which show an increase after resistance exercise (Taylor et al. 2012) .
Additionally to the MyD88-dependent pathway, NF-κB, and, therefore, cytokine production can also be activated in TLR signaling by the TRIF-dependent pathway (Kawai and Akira 2006) . Moreover, TRIF interacts with the heterodimer TANK-binding kinase 1 (TBK1)-IKKi/IKKε which mediates the phosphorylation of IRF3. This transcriptional factor is dimerized and, then, translocated to the nucleus to bind DNA and stimulate the expression of type I IFN (Kawai and Akira 2006) . Our results indicate that the MyD88-independent pathway, measured through TRIF, IKKi/IKKε, and the phosphorylation of IRF3 and IRF7, is also significantly downregulated after 8 weeks of resistance exercise in old subjects. Therefore, these data show that the antiinflammatory effects of resistance exercise are mediated by both MyD88-dependent and MyD88-independent pathways in the elderly.
The current study suggests that the main pathways activated by TLR2 and TLR4, as well as both receptors, are downregulated after 8 weeks of resistance training in older adults. However, the mechanisms by which TLR2 and TLR4 expression is reduced after exercise are far from understood. A relationship between endogenous ligands such as cytokines or Hsps and TLR expression has been suggested (Beg 2002) . Indeed, exercise is able to increase the plasma concentration of several cytokines that induce a decrease in TLR expression (Gleeson et al. 2006) . This idea is supported by the immunoregulatory effect of chronic exercise, which induces an increase of IL-10 and an amelioration of TNF-α in plasma (Moldoveanu et al. 2001; Steensberg et al. 2003; Vieira et al. 2007) . Our data show that resistance exercise induced a marked upregulation of IL-10 protein expression, yet TNF-α protein level was unchanged. It is worth noting that IL-10 acts as a natural antagonist of TNF-α, being able to inhibit NF-κβ signaling (Schottelius et al. 1999) . Furthermore, ERK1/2 is involved in the phosphorylation of the IL-10 proximal promoter in macrophages (Hofmann et al. 2012) . In support, the increased expression of phospho-ERK1/2 reported in the current study was coincident with higher protein level of IL-10 in mononuclear cells. In addition, analyzing the IL-10/TNF-α ratio, which is often used as an indicator of the inflammatory status (Petersen and Pedersen 2005; Lira et al. 2009 ), our results indicate that the resistance exercise training triggered molecular changes toward an anti-inflammatory status.
Exercise is also associated with transient elevations of Hsp expression, which may reduce inflammatory mediators (Noble and Shen 2012) , suggesting that these proteins act as mediators of the effects of exercise on the immune function (Walsh et al. 2001) . Hsp70 is one of many DAMPs recognized by both TLR2 and TLR4 (Asea et al. 2002 ). An increase of Hsp70 concentration after exercise has been reported in both animals (Locke et al. 1990; Samelman 2000) and humans (Walsh et al. 2001; Weber et al. 2012 ), but it should be noted that the production of Hsp70 after exercise is intensity-and frequency-dependent (Harris and Starnes 2001; Milne and Noble 2002) . Although Walsh et al. (2001) clearly showed that exercise results in an increase in circulating Hsp72, the inducible form of the Hsp70, they could not determine the tissue of origin. The appearance of Hsp72 in the serum preceded any increase in Hsp72 gene expression in skeletal muscle, so it is likely that the origin of the circulating Hsp72 was not from the contracting muscle. Furthermore, Weber et al. showed that the lymphocyte HSP70 content was higher at the middle and end than at the beginning of the season in women handball players (Weber et al. 2012) . On the other hand, it has been also demonstrated that the expression of HSP70 in leukocytes is increased after a half marathon (Fehrenbach et al. 2000) . However, 1-h walking sessions, 3 days a week on a running track for 8 weeks, had no impact on leukocyte Hsp72 expression in elderly people (Simar et al. 2012 ). Our exercise protocol seems to be intense enough to promote an increase of Hsp70 in PBMC, which could be the origin of the circulating Hsps. Finally, although some studies support the hypothesis that exercise increases Hsp72 production within monocytes (Fehrenbach et al. 2000) , we cannot rule out that other cells or tissues contribute to increase Hsp70 expression in response to exercise.
Hsp70 can directly stimulate anti-inflammatory cytokines due to an inhibition of the NF-κB pathway (Schell et al. 2005; Weiss et al. 2007 ). This inhibition reduces the expression of pro-inflammatory cytokines regulated by NF-κB, such as TNF-α, IL-6, or IL-1β (De et al. 2000; Pockley et al. 2009 ). In this line, our data show that the exercise-induced decrease of TLR2 and TLR4 was inversely correlated with the increase of Hsp70 in PBMC. In addition, circulating Hsp60 activates TLR2 and TLR4 (Ohashi et al. 2000; Asea et al. 2002; Kilmartin and Reen 2004) resulting in the production of inflammatory mediators (Hao et al. 2010) . However, although the correlation analysis between Hsp60 and TLRs did not reach statistical signification, there is a weak positive association which could support that the amelioration of Hsp60 protein content is also related with the anti-inflammatory status induced by the resistance training protocol employed. Apart from the Hsp, additional sterile inflammation signals released into the circulation by stressed or/and injured cells not assessed in the current investigation may also influence TLR signaling pathways in PBMCs. In this line, Neubauer et al. (2013) suggest that DAMPs, hypothetically originating from damaged skeletal muscle tissue, are associated with the activation of TLRs in neutrophils. Moreover, it is important to highlight that the function of these endogenous "danger signals" might be also altered with aging, as a result of increased oxidative stress and inflammation in old subjects (Murlasits et al. 2006) .
In summary, this study shows that an 8-week resistance exercise training program downregulates TLR2 and TLR4 basal expression, inducing an antiinflammatory status in elderly subjects. In addition and as previously reported in young men, resistance training impacted both MyD88-dependent and MyD88-independent pathways. The anti-inflammatory effect induced by resistance training on the TLR pathways seems to be associated with changes in the expression of Hsp70, and possibly in Hsp60, which may also confer further protection against other age-related disorders. Altogether, the current study suggests that resistance exercise represents a useful tool to induce positive anti-inflammatory adaptations in the elderly.
